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Descriptfon 

The present invention relates to methods and 
apparatus for the renfioval of liquid from slurries of 
liquid and solid particulate material, and particularly 5 
for the de-watering of waste material such as ion 
exchange resins and other media (particularly bead 
type ion exchange resins) which are used in nu- 
clear power plants so as to enable such materials 
to be prepared for disposal with efficient utilization w 
of the volume of the vessel containing such materi- 
als and with free standing water reduced below the 
limits required by governmental regulation. 

Various types of materials are used for water 
conditioning, principally removal of radioactive con- 15 
stituents, in nuclear power plants. Water condition- 
ing involves removal of solids and soluble ions by 
passing the water through filters of natural and 
synthetic materials whose properties permit effi- 
cient removal of contaminants. The most com- 20 
monly used material for water conditioning in nu- 
clear power plants are ion exchange resins. These 
resins may be in the form of small beads which are 
substantially spherical and usually from 300 - 600 
microns in diameter. The most commonly used 25 
material is the copolymer of divinylbenzene and 
vinylbenzene which is treated to provide many 
active sites which will react with and therefore 
remove free contaminant Ions from the water. 
When the resin has absorbed its limit of ions 30 
and/or particulate material, it is spent and must be 
replaced. Disposal of the spent conditioning ma- 
terial which is usually radioactive at least to some 
extent (low level) is constrained by governmental 
regulation. Regulations concerning the burial of 35 
such radwaste material require that the water be 
removed to very low level, for example less than 
one percent by volume (see the United States 
Code of Federal Regulations Volume 10, S 61.56- 
(a)(3) and § 61.56(b)(2)). 

In view of such stringent requirements, various 
methods have been proposed for preparation of 
radwaste material for disposal. These methods in- 
clude solidification with binders, such as cement 
(see Stock et al, U.S. Patents 4,030,788 issued 45 
June 21, 1977 and 4,299,722 issued November 10, 
1981 and Greaves, U.S. Patent 4,427.023 issued 
January 24, 1984). Also the materials have been 
incinerated, which requires subsequent treatment 
of the ash. Dewatering of the radwaste material is so 
preferred in many cases. However, conventional 
methods require expensive filtration and centrifug- 
ing. 

It is desirable that de-watering be carried out in 
the container in which the material will be dis- 55 
posed, for example by burying the container at a 
disposal site. However, then de-watering processes 
have taken an extremely long period of time, for 



example, as long as five days to enable the water 
to flow by gravity to the bottom of the container 
such containers are called liners since they are 
steel drums which are adapted to be used as liners 
within lead shielded casks. The standard practice 
has been to install cartridge filters on a plastic pipe 
array in the bottom of the liner and to remove the 
water by pumping through the filters. The filters 
waste a great deal of liner space (the volume 
efficiency of this standard practice thereby being 
very low). It is important that volume efficiency be 
high since the cost of disposal is computed in 
terms of the volume of the disposal site that is 
utilized. 

The long period of time for de-watering is 
believed to be caused by surface tension and 
viscosity effects which hold back the interstitial 
water. This is particularly troublesome in bead res- 
in de-watering, since water surface tension at each 
point of contact between adjacent beads holds 
back some of the water that is otherwise free to 
flow by gravity to the bottom of the liner. 

U.S.-A-3,448,859 shows a de-watering system 
including, after the standing water in a vessel has 
been removed, blowing a drying gas through the 
remaining solids. 

In accordance with one aspect of this invention 
there is provided a method of removing liquid from 
a slurry of liquid and solid material particles, in- 
cluding the steps of filling a vessel with said ma- 
terial, separating liquid from the solid material of 
said slurry at the bottom of said vessel, collecting 
said separated liquid at the bottom of said vessel, 
discharging the collected liquid from the bottom of 
said vessel to remove most of the liquid from said 
slurry leaving a bed of wet solid material in said 
vessel, passing gas through said bed from the top 
to the bottom thereof to transfer liquid adhering to 
said particles to the bottom of said vessel, and 
discharging the liquid transferred with said gas 
from the bottom of said vessel, characterized by 
the steps of detecting the difference between the 
level of said deliquifled slurry and the level of liquid 
alone in said vessel, and refilling said vessel with 
fresh slurry when said level of liquid alone is less 
by a predetermined depth than said level of said 
deliquified slurry, whereby said particles can settle 
into said bed in a volume efficient manner while 
under liquid. 

In accordance with a second aspect of this 
Invention there is provided a system for removing 
liquid from a slurry of liquid and solid particles. 
Including a vessel, means for filling said vessel with 
said material, means for separating liquid from the 
solid material at the bottom of said vessel, means 
for collecting said separated liquid at the bottom of 
said vessel, means for discharging the collected 
liquid from the bottom of said vessel to removed 
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most of the liquid from said slurry leaving a bed of 
wet solid material in said vessel, means for passing 
gas tfirougli said bed from the top to the bottom 
thereof to transfer liquid adhering to said particles 
to the bottom of said vessel and for discharging the 
liquid transferred with said gas from the bottom of 
said vessel, characterized by means for detecting 
the difference between the level of said dellqulfled 
slurry of particles and the level of liquid alone In 
said vessel and means for refilling said vessel with 
fresh slurry when said level of liquid alone Is less 
by a predetermined length than the level of said 
deliquified slurry whereby said particles can settle 
Into said bed while under liquid. 

The foregoing will become more apparent from 
a reading of the following description in connection 
with the accompanying drawings in which: 

FIG. 1 is a schematic diagram illustrating a 
system embodying the Invention; 
FIG. 2 Is a fragmentary, sectional view illustrat- 
ing the top of the vessel shown in FIG. 1 In 
which the slurry Is de-watered; 
FIG. 3 Is a fragmentary, sectional, elevatlonal 
view illustrating in detail the structure of the 
bottom of the vessel shown In FIG. 1 ; 
FIG. 4a is a fragmentary view partially broken 
away to illustrate the liquid filter and particle bed 
support which is utilized at the bottom of the 
vessel and is shown in detail in FIG. 3; 
FIG. 4b is a fragmentary sectional view taken 
generally along the line 4b-4b in FIG. 4a; and 
FIG. 4c is a plan view showing the filter and 
support structure Illustrated In FIGS. 4a and 4b. 
Referring to FIG. 1, there is shown a vessel 10 
in which a slurry of liquid (water) and solid par- 
ticulate material (for example spent ion exchange 
resin beads) is de-watered and containerized. The 
vessel is cylindrical and may be a drum which is 
made of steel having a cylindrical wall 12, a top 14 
and a conical bottom 16. The apex of the conical 
bottom Is at the center of the vessel. In other 
words, the cone is coaxial with the vessel. The 
cone includes an obtuse angle preferably of about 
164° to 168°. That angle Is a compromise be- 
tween hydraulic requirements of the system and 
the maximization of the volume of the vessel which 
contains the de-watered resin. It is desirable to 
maximize the utilization of the volume, since dis- 
posal costs vary with the volume of disposal site 
which Is utilized; the vessels being buried at the 
site. 

The conical bottom defines a sump region 19 
centrally thereof for the collection of the water from 
the bed 18 of particulate material in the container 
10. The sump region is defined by an Inverted pan 
20 which may be made of metal. The pan has a 
top 22 and a cylindrical wall 24 (see also FIGS. 3 
and 4c). The edges of the wall 24 are covered with 



a rim 26 of resilient material, such as PVC 
(polyvinyl chloride) which Is connected, molded or 
shrink-wrapped, thereon. The edges rest upon a 
porous support and filter panel 28 which is dis- 
5 posed upon the conical bottom 16 of the vessel 10. 
This panel 28 permits the flow of water radially 
therethrough Into the sump region 19 at the center 
of the conical bottom. The panel 28 supports the 
bed 18 of solid particulate material (resin beads). 
10 Disposed centrally, and particularly coaxially of 

the vessel 10 and the conical bottom 16, is a 
discharge pipe or tube 30. The tube extends 
through an outlet coupling pipe 32 (FIG. 2) out of 
the top 14 of the vessel 10. The bottom of the tube 
15 30 is attached to a cup 34 (see FIG. 3), and 
extends into the sump region 19. A plurality of 
holes 36 (6 holes being suitable) extend radially, 
through the wall of the tube 30 and the cup 34, Into 
the sump region 19 and permit the passage of the 
20 water collected In the region into the tube 30. A nut 
38, on a screw 37 welded at the apex of the bottom 
16, fastens cup 34, therefore tube 30 and thereby 
pan 20 and porous filter 28 to the conical bottom 
16. The tube 30 extends through a hole in the 
25 center of the pan 20. A seal 40 around the tube 30 
closes the hole 39. The seal may be elastomeric 
material which is compressed by a flange 42 on 
the outer periphery of the tube 30. 

A level sensor or probe 44 also extends lon- 
30 gitudlnally through the vessel alongside the tube 
30. The level sensor 44 Is a cylindrical assembly. 
Its lower end extends into the sump region so as to 
enable the measurement of the level well down into 
the sump and below the bottom of the holes 36. 
35 The holes 36 are sized such that the sum of their 
cross sectional area is equal to or greater than the 
cross sectional area of the tube 30. Also small 
enough to allow air flow to aspirate water entering 
the sump. The volume of water remaining in the 
40 sump below the holes Is well within regulatory 
limits for free standing water (eg. within 10% of 
regulatory limit). The angle of the conical bottom 
increases resolution of the level sensor from ap- 
proximately 2,54 cm (1 inch) for flat bottom to 10 
45 cm (4 inches) for a 164- cone at a regulatory limit 
of 1/2 percent of a 4,8 cubic meters (170 cubic 
foot) vessel. It will be appreciated from the follow- 
ing discussion of the method of operation of the 
system provided by the invention that the water 
50 discharged will drain most of the water in the sump 
region even below the level of the holes 36. 

The level sensor is a coaxial, dual level sens- 
ing system having an outer sensor 46 for detecting 
the level of the resin/water mixture and an inner 
55 sensor 48 for detecting the water level. The outer 
sensor is constructed from a tube 50 of insulating 
material, such as plastic (PVC being suitable). A 
foil of conductive material is wrapped on the ex- 



3 



5 



EP 0 243 600 B1 



6 



terior surface of the tube 50. This foil is insulated 
by a layer 52 of insulating material, such as a PVC 
jacket shrink-fit on the tube 50. The inner water 
level sensor 48 is disposed coaxially with the outer 
sensor and Is made of a tube 54 of conductive s 
material on which a insulating layer, such as a PVC 
jacket 56, is disposed. The jacket is sealed at the 
bottom to close the tube 54. A filter screen 58 
closes the bottom of the outer sensor 46 and 
permits the egress of water while excluding solid io 
material. The conductive element of the outer sen- 
sor 46 extends the length of the inner sensor tube 
and all the way from the bottom of the sensor, well 
down into the sump, up to the top of the sensor 
where it extends through the Indented portion 60 of 75 
the top cover 14. Electrical connections, Indicated 
by the dash lines in FIG. 1 (which schematically 
indicate one or more wires as required), are 
brought out of a connector disposed at the top 14 
of the vessel in the indented cylindrical portion 60 20 
thereof. 

The conductors and insulating layers of the 
sensors 46 and 48 define capacitors, the capaci- 
tance value of which depends upon the level of 
water (in the case of the inner sensor 48) and the 25 
level of water and solid resin beads (or wet beads 
alone) extending about the outer sensor 46. Since 
the inner sensor responds only to the water level, 
the difference between the level of water and bead 
resin may be detected in response to the dif- 30 
ference in capacitance presented by the inner and 
outer sensors. The sensor system, including the 
sensors and the circuitry for obtaining outputs in 
response to the capacitance presented by the sen- 
sors is the subject of a U.S. Patent Application filed 35 
concurrently with this Application in the name of 
John C. Homer (ST-112). 

The pan 20 also locates the sensor 44 in the 
sump region. A flexible conical seal 62 (a flat 
rubber sheet deformed to conical shape) seals 40 
against the outer periphery of the sensor 44 which 
passes through a hole 64 in the top 22 of the pan 
20. 

The vessel 12, In a practical embodiment may 
be 1,8 m (six feet) in diameter and 1,8 m (six feet) 45 

high (volume about 4,8 to 5,7 cubic meters (170 to 
200 cubic feet). The porous support structure panel 
28 covers the radius of 0,76 to 0,9 m (2 1/2 to 3 
feet) from the center of the liner. The pan may 
have a radius of 17,8 cm (7 inches). The discharge 50 
tube may suitably have a radius of 7,6 cm (3 
inches) and the sensor 44 may be 3.5 cm (1 3/8ths 
inch) in diameter. It will therefore be seen that the 
sump region is quite small in volume as compared 
to the volume of the liner vessel 12. The volume of 55 
the liner 12, when full, may for example be 4,8 
cubic meters (170 cubic feet) or more. Accordingly 
it will be readily apparent that any free standing 



water left in the sump region 19 will be less than 
the volume specified by governmental regulations. 
The system, therefore, can assure that the water 
remaining in the vessel does not exceed 0.5% of 
the volume of the vessel. 

Water transmission to the sump region is 
through the porous bed support structure provided 
by the panel 28. The panel may be of any form 
which is sufficiently strong to support the bed and 
yet sufficiently porous to pass only the water while 
blocking the solid particles. In the structure shown 
in FIGS. 3 and 4a, b and c, the panel is provided 
by a pair of sheets 70 and 72 of honeycomb plastic 
material. These sheets have bulbous portions 
which are connected by webs. The bulbous por- 
tions are offset in the adjacent sheets so as to 
provide a substantially clear water path through the 
core of the panel. Other structures which provide a 
maze of paths, for example blow molded aluminum 
or foams having large, interconnected interstices, 
may be used. The filtering action Is provided by a 
fabric covering. In the illustrated embodiment the 
covering consists of upper and lower sheets 74 and 
76 which are preferably of plastic material, such as 
polypropylene which Is heat sealed along the outer 
rim 74. The sheets 70 and 72 spring apart some- 
what where they are not constrained by the rim 26 
of the pan 28 (see FIG. 3). The panel may be 
octagonal in order to fit into the cylindrical vessel 
10, the wall of which is shown by the line made up 
of long and short dashes in FIG. 4c. The diameter 
of the pan 20 is also shown by a line made up of 
long and short dashes so as to illustrate the relative 
diameters of the container internals in plan view. A 
relief slot 80 may be cut into the panel 28 along 
one of its sides so as to enable the panel to 
conform to the conical bottom 16 of the liner vessel 
10. 

The top portion of the liner vessel 10 is best 
shown in FIGS. 1 and 2. In addition to the coupling 
pipe 32 for the discharge tube 30, there is a fill 
pipe 82 and vent coupling pipe 84. These coupling 
pipes provide connection to hoses 86, 88 and 90 
which have their other ends connected to connec- 
tor joints 92, 94 and 96 (FIG. 1). There is also an 
electrical connector 98 (the connectors are all 
labeled CN). These connectors are provided In a 
portable skid in which the various components of 
the de-watering system are mounted. This skid 
may be disposed outside of a shielded area in the 
nuclear utility, while the vessel 10 which is being 
filled is disposed in the shielded area. 

All of the coupling pipes and the connector end 
100 of the level sensor 44 are attached to a seal 
plate 101 in the indented portion 60 of the top 14 
of the vessel. The seal plate 101 prevents loss of 
potentially contaminated air to the environment. 
Additionally, the indented region may be sealed 
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with a cover 102 after the hoses 86, 88 and 90 are 
decoupled and after the de-watering operations. 
Then, the filled container may be removed, by 
means of suitable lifting hooks (not shown) and 
transported to the disposal site. 

To avoid undue stress of the discharge tube 
during lifting and transportation of vessel 10, a slip 
joint 104 having seals 106 near the top of the 
discharge tube 30, is provided. The level sensor 
also may be stabilized by a strut 108 between it 
and the discharge tube 30. 

The vent coupling 84 also serves as an air 
passage into the tank during part of the de-water- 
ing process. In order to distribute the air which is 
blown into the tank, a U-shaped tube which directs 
the air towards the top 14 of the tank so that it can 
be redirected from the top downwardly through the 
bed 18 is provided. This U-shaped pipe 110 is 
made up of two pipe elbows 112 and 114 suitably 
of conventional PVC piping which are screwed or 
cemented together at 116. The pipes may, for 
example, be 7,6 cm (three inches) in diameter. 

Referring again to FIG. 1 the radwaste material 
(the spent ion exchange resin slurry) flows from a 
holding tank through a flow control valve 152 hav- 
ing an operator 154 (compressed air or electric 
motor actuated). This valve 152 may be operated 
automatically from control logic 138 responsive to 
the level sensor 44. The level sensor provides two 
outputs when automatic de-watering operations are 
desired. These are a high level output when the 
level in the tank is almost at the top. FIG. 1 shows 
a level line 124 approaching the fully filled con- 
dition of the vessel 10. The other sensor output is 
the level difference switch output which occurs 
when the water level falls below the slurry or wet 
particulate (resin beads) level to which the outside 
sensor 46 (FIG. 3) is responsive. The high level 
detecting circuits 126, and the circuits for detecting 
when the water level Is smaller by a predetermined 
amount (or depth) than the slurry level, which is 
indicated as the LDS circuit 128, are described in 
detail in the above referenced application (ST-112), 
which is filed in the name of John C. Homer, 
concurrently herewith. There is another input to the 
control logic from a level detector, schematically 
illustrated at the sump 130, in a water/air separator 
132. This separator may be of the cyclone type 
wherein a tangential flow of atomized (spray) water 
and air is brought into the separator and the water 
separates by impact against the walls of the sepa- 
rator. The level detector 130 detects when the 
water level in the separator is above a predeter- 
mined level. The level detector 130 includes detec- 
tion circuitry indicated at LE and a switching cir- 
cuitry illustrated at LSH which provides an output 
when the level exceeds the predetermined level in 
the separator 132. 



When transfer is initiated by the system being 
turned on and the vessel 12 being empty, the 
slurry (which may be from approximately 5% to 
20% solids (resin beads)) flows into the top 14 of 
5 the liner vessel 12. The flow rates may suitably be 
up to 189 t (50 gallons) per minute utilizing ves- 
sels of approximately 5,7 cubic meters (200 cubic 
foot) capacity. When the resin slurry reaches ap- 
proximately 50% of the liner vessel's capacity, a 
70 positive displacement pump 140 which may suit- 
ably be a compressed air operated diaphragm 
pump is turned on. This pump is operated by 
conventional valves and controls Illustrated dia- 
grammatically at 142 in FIG. 1. The system also 
IS includes a blower 144 which may be provided by a 
rotary vane vacuum pump. The pump is operated 
by a motor 146 and controlled by the control logic 
138. A hand switch 148 (HS) may provide manual 
control if necessary. When manual control is used, 
20 display indicators or gauges and alarms driven by 
the level sensor 44 outputs, guide the operator to 
make the system perform the steps of the de- 
watering process. The blower is not running during 
the initial filling of the vessel. The flow of discharge 
25 water is from the sump 19 through the discharge 
tube 30, the hose 86 and other piping 150, through 
the water air separator 132 and thence to the pump 
140. The water filtrate is discharged from the sys- 
tem, suitably to the radwaste holding tanks. The 
30 radiation and contamination level of the water 
which is discharged is usually low in content and 
either reused to slurry resin or purified and reused 
elsewhere in the utility. 

As the vessel 12 continues to fill, if the water is 
35 withdrawn at a rate below that of the water entering 
the fill pipe into the liner vessel 12, the water will 
eventually accumulate until it reaches the high level 
as detected by the high level circuitry 126. At that 
point, the flow control valve 152 is shut until the 
40 level drops well below the high level or drops 
below the level of the settled solids in the vessel. 
In either of these cases, transfer of the slurry is re- 
established by opening the flow control valve 152. 
The filling process continues until water removal 
45 will not eliminate the high level condition. Then, the 
bead resins are causing the alarm state and the 
liner filling portion of the procedure is complete. 

If, however, the water is being withdrawn at a 
rate in excess of the inlet rate of the slurry into the 
50 feed pipe, the level of the water will drop until it 
falls below the top of the bed of settled solids. At 
that point, the LDS circuitry 128 provides signals to 
the control logic 138 to turn the discharge pump 
140 off. Then, de-watering temporarily ceases; ad- 
55 ditional fill slurry continues to flow into the vessel, 
thereby providing a level of water over the bed. 
The beads are permitted to settle in a closely 
packed array, which is the condition that is most 
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efficient for utilization of tlie vessel's volume. This 
condition also maximizes the contacts between the 
beads in a tetrahedral array with three contact 
points between vertically adjacent beads. Such an 
array maximizes the flow paths through the bed for 
water flow to the bottom 16 of the liner 12. 

While the liner is being filled, the vent 84 
permits passage of displaced air from vessel 101 
(opposite to the direction of flow illustrated at 110 
in FIG. 1). The vent may be connected through a 
high efficiency particulate filter 120 (monitored by 
differential pressure element (DPE) 122) to atmo- 
sphere or the HVAC (heating ventilating and air 
conditioning) system of the plant. 

When the liner vessel 10 is filled with bead 
resin and no more water can be removed by the 
pump 140 (the suction at the pump 140 is broken), 
a short, wait (static drain) period from five to fifteen 
minutes is allowed to transpire. Thereafter, the 
pump 140 is turned on again to discharge any 
water which has drained from the bed. The five to 
fifteen minute wait is desirable because the 
water/air separator 132 has a limited capacity and it 
is possible to overload during the next step of the 
process if a static drain interval is not permitted. Of 
course if a water air separator is much larger the 
static drain waiting period may be eliminated. 

After the waiting period the blower 144 is 
turned on. A by-pass vacuum relief valve 156 is 
connected across the blower 144 to permit opera- 
tion of the discharge pump 140 concurrently but 
intermittently with the blower by decreasing the 
vacuum in the system to enable the diaphragm 
pump 140 to operate. The pressure may be re- 
duced, for example, to less than 38 cm (15 inches) 
of mercury to reduce the differential pressure de- 
veloped by the blower, vacuum pump 144. There is 
also a check valve 158 at the output of the blower 
144 to prevent any flow through the blower during 
the initial steps of de-watering. This checl< valve 
158 prevents flow in the opposite direction through 
the blower 144 during the initial pump down by the 
diaphragm pump 140 thereby permitting the dia- 
phragm pump to evacuate the system up to the 
liner vessel 10 to a pressure sufficient to draw 
water from the liner through the discharge tube 30. 

After the blower is turned on, it provides a 
current of high velocity air, for example at a rate of 
8.5 cubic meters (300 cubic feet) per minute 
through the bed 18 and the porous panel 28 into 
the sump region 19. The flow of air through the 
bed pushes the interstitial water through the bed. In 
the case of bead resins, the flow of air is believed 
to free the water at the areas of point contact of the 
beads. The water is forced downwardly to the 
sump region 19. There the holes 36 cause the 
atomization of the water with the high velocity air. 
Suitably pressure at the blower intake ranges be- 



tween near atmospheric to 61 cm (24 inches) of 
mercury. The upper head of the liner on top of the 
bed 18 is held at near atmospheric pressure to 
avoid overstressing the materials in that area of the 

5 vessel. The discharge from the vessel (at the sump 
region 19) drops In pressure (the system is a 
negative pressure system). The pressure drop is 
determined by the air flow. As noted above at a 
rate of 8,5 cubic meters per minute (300 CFM) and 

10 for a nominal bead resin bed 18, a pressure of 
approximately 25 cm (10 Inches) of mercury is 
developed across the liner 10, from the top to the 
bottom thereof. 

The air is separated from the water in the 

15 water/air separator 132. As noted above, when the 
water level in the separator sump increases, the 
diaphragm pump 140 is restarted and the water in 
the sump is returned to discharge, such as to the 
holding tanks which hold the waste slurry feed. The 

20 air which is separated by the water/air separator 
132 passes through a coalescing filter 160. There, 
both entrained water, mist, and solids are removed. 
Water collects in the coalescer's sponge like filter 
element and flows by gravity to the lower end of 

25 the coalescing element where it falls into the co- 
alescing enclosure, and passes through a line and 
a check valve 162 back to the discharge pipe from 
the water/air separator 132 to the diaphragm pump 
140. 

30 The air continues, after being further de-water- 

ed by the coalescer 160, to the intake of the blower 
144. The blower then returns the air to the top of 
the vessel. The air picks up heat as it passes 
through the blower 144. Dewatering is assisted 

35 because the warm air returned to the bed 18 is 
unsaturated, hence, can hold more water, heats 
free water, hence, reduces its viscosity and finally, 
dehydrates the materials (the beads) at the top of 
the liner vessel 12 and redeposits this moisture 

40 further down in the cooler portion of the bed 18. 
There, it is pushed along by the cooled air until it 
reaches the sump region 19. The process contin- 
ues until the level sensor in separator sump 130 
detects no further water egress to the sump region. 

45 Of course, continued blowing dehydrates more and 
more of the bed. It is also possible after a period of 
blowing (for example after 4 hours into the de- 
watering cycle) to reverse the flow of air through 
the bed by interchanging the hoses 88 and 86. 

50 Then the warmed air will pass from the wet bottom 
of the bed to the dehydrated solids near the top of 
the bed. It has been found in tests that after a 4 to 
8 hour dehydration cycle the water level as de- 
tected by level sensor 44 will not exceed the 

55 regulatory limits even after prolonged periods of 
standing. 

The sensor which detects the water level is 
disposable with the filled liner vessel 10; the sensor 
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44 may be used to verify the full standing water 
level, from time to time, if desired. It is a feature of 
the invention that the container internals which are 
disposed of are relatively low in cost and yet 
provide for rapid de-watering and efficient utiliza- s 
tion of the container volume. 

from the foregoing description it will be appar- 
ent that there has been provided an improved 
system (method and apparatus) for removing liquid 
from slurries of liquid and particulate material, and io 
particularly for the de-watering of radwaste materi- 
als, such as ion exchange resin beads. 

Claims 

15 

1. A method of removing liquid from a slurry of 

liquid and solid material particles, including the 
steps of filling a vessel with said material, 
separating liquid from the solid material of said 
slurry at the bottom of said vessel, collecting 20 
said separated liquid at the bottom of said 
vessel, discharging the collected liquid from 
the bottom of said vessel to remove most of 
the liquid from said slurry leaving a bed of wet 
solid material in said vessel, passing gas 25 
through said bed from the top to the bottom 
thereof to transfer liquid adhering to said par- 
ticles to the bottom of said vessel, and dis- 
charging the liquid transferred with said gas 
from the bottom of said vessel, characterized 30 
by the steps of detecting the difference be- 
tween the level of said deliquified slurry and 
the level of liquid alone In said vessel, and 
refilling said vessel with fresh slurry when said 
level of liquid alone is less by a predetermined 35 
depth than said level of said deliquified slurry, 
whereby said particles can settle into said bed 
in a volume efficient manner while under liquid. 

2. A method according to claim 1, further char- 4o 
acterized by atomizing the liquid collected at 

the bottom of said vessel with the gas and 
discharging said atomized gas and liquid from 
said vessel. 

45 

3. A system for removing liquid from a slurry of 
liquid and solid particles, including a vessel 
(12), means (82) for filling said vessel with said 
material, means (28) for separating liquid from 

the solid material at the bottom of said vessel, 50 
means (19) for collecting said separated liquid 
at the bottom of said vessel, means (30) for 
discharging the collected liquid from the bot- 
tom of said vessel to remove most of the liquid 
from said slurry leaving a bed of wet solid 55 
material in said vessel, means (84) for passing 
gas through said bed from the top to the 
bottom thereof to transfer liquid adhering to 



said particles to the bottom of said vessel and 
for discharging the liquid transferred with said 
gas from the bottom of said vessel, character- 
ized by means (44) for detecting the difference 
between the level of said deliquified slurry of 
particles and the level of liquid alone in said 
vessel and means (140, 152) for refilling said 
vessel with fresh slurry when said level of 
liquid alone is less by a predetermined length 
than the level of said deliquified slurry whereby 
said particles can settle into said bed while 
under liquid. 

4. A system according to claim 3, further char- 
acterized by means (36) for atomizing the liq- 
uid collected at the bottom of said vessel with 
the gas blown through said bed for discharging 
said atomized gas and liquid from said vessel. 

PatentansprUche 

1. Verfahren zum Entfernen von FlUssigkeit aus 
einem Schlamm von FlUssigkeit und Feststoff- 
teilchen, umfassend die folgenden Schrltte: 
Auffullen eines Behalters mit dem genannten 
Stoff; Trennung dem FlUssigkeit von dem Fest- 
stoff des genannten Schlamms, an dem Boden 
des genannten Behalters; Sammein der ge- 
nannten getrennten FlUssigkeit an dem Boden 
des genannten BehSlters; Entladen der gesam- 
melten FlUssigkeit von dem Boden des ge- 
nannten Behalters, urn so die meiste FlUssig- 
keit aus dem genannten Schlamm zu entfer- 
nen, wobei eine Auflage von nassem Feststoff 
in dem genannten BehSlter verbleibt; Durch- 
fUhren von Gas durch die genannte Auflage, 
von oben nach unten, um an den Teilchen 
haftende FlUssigkeit zu dem Boden des ge- 
nannten Behalters zu ubertragen; und Entladen 
der durch das Gas ubertragenen FlUssigkeit 
von dem Boden des genannten BehSlters, ge- 
kennzeichnet durch die Schrltte der Ermittlung 
des Unterschieds zwischen der HShe des ge- 
nannten flussigkeitsentzogenen Schlamms und 
der Hohe der separaten FlUssigkeit in dem 
genannten Behalter und der WiederauffUllung 
des genannten Behalters mit neuem Schlamm, 
wenn die genannte Hohe der separaten FlUs- 
sigkeit um eine vorbestimmte Tiefe geringer ist 
als die Hohe des genannten flussigkeitsentzo- 
genen Schlamms, wodurch die genannten Teil- 
chen sich in der genannten Auflage setzen 
konnen, und zwar in volumeneffizienter Weise, 
solange sie sich unter FlUssigkeit befinden. 

2. Verfahren nach Anspruch 1, ferner dadurch 
gekennzeichnet, dafl die an dem Boden des 
genannten Behalters angesammelte FlUssigkeit 
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mit dem Gas verspruht wird, und daB das 
verspruhte Gas und die Flussigkeit aus dem 
genannten Behalter entladen werden. 

3. System zum Entfernen von Flussigkeit aus ei- 
nem Schlamm von flussigen und fasten Teil- 
chen, umfassend einen Behalter (12), eine Eln- 
richtung (82) zum FLillen des genannten Behal- 
ters mit dem genannten Stoff, eine Einrlchtung 
(28) zum Trennen der Flussigkeit von dem 
Feststoff an dem Boden des genannten Befial- 
ters, eine Einrichtung (19) zum Sammein der 
genannten getrennten Flussigkeit an dem Bo- 
den des genannten BehMlters, eine Einrlchtung 
(30) zum Entladen der angesammelten Flus- 
sigkeit von dem Boden des genannten Behal- 
ters, urn den groBten Teil der Flussigkeit aus 
dem genannten Schlamm zu entfernen, wobei 
in dem genannten Behalter eine Auflage von 
nassem Feststoff zurUckbleibt, eine Einrichtung 
(84) zum DurchfUhren von Gas von oben nach 
unten durch die genannte Auflage, urn so an 
den genannten Teilchen haftende Flussigkeit 
zu dem Boden des Behalters zu Qbertragen 
und zum Entladen der mit dem genannten Gas 
Obertragenen Flussigkeit von dem Boden des 
genannten BehSlters, gekennzeichnet durch 
eine Einrlchtung (44) zur Ermittlung der Diffe- 
renz zwischen der HShe des flOssigkeitsentzo- 
genen Schlamms von Teilchen und der Hohe 
der separaten Flussigkeit in dem genannten 
Behalter und eine Einrichtung (140, 152) zum 
WIederauffUllen des genannten Behalters mit 
neuem Schlamm, wenn die genannte Hohe der 
separaten Flussigkeit urn ein vorbestimmtes 
Stack geringer ist als die Hohe des genannten 
fIClssigkeitsentzogenen Schlamms, wodurch 
sich die genannten Teilchen in der genannten 
Auflage setzen konnen, solange sie sich unter 
FlOssigkeit befinden. 

4. System nach Anspruch 3, ferner gekennzeich- 
net durch eine Einrichtung (36) zum Versprii- 
hen der an dem Boden des genannten Behal- 
ters angesammelten FlUssigkeit, mit dem 
durch die genannte Auflage geblasenen Gas, 
um das genannte verspruhte Gas und die Flus- 
sigkeit aus dem genannten Behalter zu entla- 
den. 

Revendications 

1. Precede destine a enlever du liquide d'une 
boue de liquide et de particules de matiere 
solide, comprenant les etapes de remplissage 55 
d'un receptacle avec ladite matiere, de separa- 
tion du liquide de la matiere solide de ladite 
boue au fond dudit receptacle, de collecte 



dudit liquide separe au fond dudit receptacle, 
d'6vacuation du liquide collect^ du fond dudit 
receptacle afin d'enlever la plupart du liquide 
de ladite boue en laissant un lit de matiere 
solide humide dans ledit receptacle, de passa- 
ge d'un gaz a travers ledit lit du dessus vers le 
fond de celui-ci afin de transferer le liquide 
adherant aux dites particules vers le fond dudit 
receptacle, et d'^vacuation du liquide transfere 
avec ledit gaz du fond dudit receptacle, carac- 
terise par les etapes de detection de la diffe- 
rence entre le niveau de ladite boue deiiqu^- 
fi^e et le niveau du liquide seul dans ledit 
receptacle, et de remplissage dudit receptacle 
avec de la boue fraTche lorsque ledit niveau du 
liquide seul est inferieur d'une profondeur pre- 
determinee audit niveau de ladite boue deli- 
quefiee, lesdites particules pouvant se d^poser 
dans ledit lit d'une manifere efficace sur le plan 
volumique alors qu'elles sont encore liquldes. 

2, Precede selon la revendication 1, caracterise 
en outre par I'atomisation du liquide recueilli 
au fond dudit receptacle avec le gaz et {'eva- 
cuation dudit gaz et du liquide atomise dudit 
receptacle. 

3. Syst^me destine a enlever du liquide d'une 
boue de liquide et de particules solides, com- 
prenant un receptacle (12), des moyens (82) 
de remplissage dudit receptacle avec ladite 
mati§re, des moyens (28) de separation du 
liquide de la matiere solide de ladite boue au 
fond dudit receptacle, des moyens (1) de col- 
lecte dudit liquide separe au fond dudit recep- 
tacle, des moyens (30) d'evacuation du liquide 
collecte du fond dudit receptacle afin d'enlever 
la plupart du liquide de ladite boue en laissant 
un lit de matiere solide humide dans ledit 
receptacle, des moyens (84) de passage d'un 
gaz h travers ledit lit du dessus vers le fond de 
celui-ci afin de transferer le liquide adherant 
aux dites particules vers le fond dudit recepta- 
cle et d'evacuation du liquide transfere avec 
ledit gaz du fond dudit receptacle, caracterise 
par des moyens (44) de detection de la diffe- 
rence entre le niveau de ladite boue de parti- 
cules deiiquetiee et le niveau du liquide seul 
dans ledit receptacle et des moyens (40, 152) 
de remplissage dudit receptacle avec de la 
boue fraTche lorsque ledit niveau du liquide 
seul est inferieur d'une longueur predetermi- 
nee audit niveau de ladite boue deiiquetiee, 
lesdites particules pouvant se deposer dans 
ledit lit alors qu'elles sont encore liquides. 

4. Systeme selon la revendication 3, caracterise 
en outre par des moyens (36) d'atomisation du 



10 



IS 



20 



25 



30 



35 



40 



8 



15 



EP 0 243 600 B1 



liquide recueilli au fond 
le gaz souffle a travers 
ledit gaz et ledit liquide 
tacle. 



dudit receptacle avec 
ledit lit afin d'^vacuer 
atomises dudit r^cep- 
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